Abstract. The Mining Software Repositories (MSR) conference is a reputed, long-running and flagship conference in the area of Software Analytics which has successfully completed more than one decade as of year 2016. We conduct a bibliometric and scientific publication mining based study to study how the conference has evolved over the recent past 13 years (from 2004 to 2007 as a workshop and then from 2008 to 2016 as a conference). Our objective is to perform an examination of the state of MSR so that the MSR community can identify strengths, areas of improvements and future directions for the conference.
Introduction
Research Motivation and Aim: The Mining Software Repositories (MSR) conference is an annual conference started as a one-day workshop in the year 2004 (co-located with International Conference on Software Engineering ICSE 2004 at Edinburgh, UK) with the aim of brining software analytics researchers and practitioners from both university and industry around the world to exchange research results and ideas. MSR 2004 (Edinburgh, UK) was the first edition of the event and the annual event completes 13 editions in 2016 (Texas, USA). We believe that a reflection of the 13 years of MSR is important for the MSR community to learn from its history and gain insights for further improving the visibility and quality of the conference. Our research motivation is to investigate answers to questions such as: how the conference has evolved over the past 13 years and what is the current status, what is the quality of the conference based on several key performance indicators, what improvements can be made and to what extent MSR is meeting its desired objectives. Our research aim is to systematically and scientifically explore and examine the state of MSR across various aspects of the conference. To the best of our knowledge, the study presented in this paper is the first in-depth examination of the state of MSR which we believe is important for the MSR community to understand its development, evolution and identify future directions. [2010] [2011] [2012] [2013] [2014] and present insights on the number of studies using solely Open Source Software (OSS) data or solely (Closed Source Software) CSS data or both OSS and CSS data [4] . They also count the number of papers published by authors solely from Universities, solely from Industry and from both University and Industry [4] .
Paper Acceptance Rate: We download all the papers published in 13 years of MSR. We also download the message from the General and Program Chairs which are published as part of the conference proceedings. Table 1 and 2 displays the number and types of papers submitted across various tracks from the year 2004 to 2016. We extract the information about submitted and accepted papers from the message from the conference chairs and the PDF files of the papers which we were able for download. Table 2 shows that MSR invites a variety of submissions in addition to regular papers such as short papers, data showcase and data challenge. Citation Based Impact: The h5-index for MSR on 16 July 2016 is 34. Google Scholar defines h5-index as "h5-index is the h-index for articles published in the last 5 complete years. It is the largest number h such that h articles published in 2011-2015 have at least h citations each". The h5-median for MSR on 16 July 2016 is 46. Google Scholar defines h5-median as "h5-median for a publication is the median number of citations for the articles that make up its h5-index". Table 4 and 3 shows that MSR papers have high citation impact. Table 4 shows that the most cited paper in MSR has 487 citations and the Top 10 most cited papers have more than 150 citations.
University-Industry Collaboration: Joint authorship in scientific papers is an evidence of collaboration and interaction between researchers as well as institutions. Our objective is to study university-industry collaboration and knowledge flow between the two types of institutions. Table 5 displays the data on university-industry collaboration. Table 5 Table 5 reveals that out of the 522 research track papers published in MSR in 13 years, the number and percentage of papers involving a university-industry collaboration is 67 and 12.84 respectively. Internal-External Collaboration : We investigate the nature and scale of collaboration in MSR papers from the perspective of internal or external collaboration. Internal collaboration is a form of collaboration in which all the co-authors in a paper (single or multiple-authors) are affiliated to one Institution only. External collaboration is defined as a form of collaboration which involves participation of two or more institutions (irrespective of whether the organizations involved are industry or university) in the production of the scientific output and the paper. Gender Imbalance in Authorship: Agarwal et al. conduct an analysis of women in computer science research by analyzing author data from 81 conferences including 11 conferences in software engineering [1] . Their experimental dataset consists of DBLP bibliography entries from the year 2000 to 2015. Their results reveal that 79% of the authors in the bibliography dataset consisting of 11 conferences and 16 years are male whereas 21% authors are women authors [1] . We use the Genderize.io 3 API to determine the gender of all the authors in our dataset. Figure 2 Program Committee Characteristics: The size of the program committee should be according to the number of papers normally received by the conference so that the workload of the program committee members is reasonable or moderate. We extract the size of the program committee (for both the research and industry track) from the MSR conference proceedings. Table 6 shows that the number of program committee members varies from a minimum of 8 in year 2004 (the first edition when MSR was a workshop) to a maximum of 64 in 2016. The number of papers submitted at MSR in the past two years (2015 and 2016) is in the range of 10 to 110 and hence the distribution of workload to the committee members is moderate.
Diversity of institution, technical area of expertise and country is an important selection criteria for selecting program committee member and is an indicator of the quality of a conference. We extract the country of every program committee member and compute the number of different countries. Table  6 shows that MSR program committee is diverse and inclusive in-terms of the number of countries. For example, in the year 2016, there were 64 program committee members from 33 different countries (a diversity score of 51.56%). In year 2015, there were 49 members from 27 countries.
Annual churn and rotation of program committee members is essential for making sure that there is diversity, inclusiveness and cross-section of topic expertise, institution and geographical area. Inviting new program committee members and making space for them by rotating-off program committee members who have served for 2 − 3 years are normal guidelines for conferences. We compute the yearly churn in the program committee for MSR 2004 to MSR 2016. Table 6 shows that in the year 2015 there were a total of 49 program committee members out of which 29 (59.18%) were new and 20 were repeated from the previous years We observe that the highest churn was in the year 2016 (70.31%) and the lowest was in the year 2008 (34.48%). It is an important guideline for program committee chairs who lead the program committee member selection and invitation process to have a balanced representation from both industry and academia. We extract the affiliation of each program committee member and determine whether the member belongs to an industry or university.
Figure3 reveals an imbalance between industry and academia and is skewed towards university. The percentage of program committee members from university varies from a minimum of 74.42% to a maximum of 100%. We observe that for 10 out of 13 years, the percentage of program committee members from industry is less than 20%.
Conclusion
We conclude that MSR is successfully meeting its desired objective as it is able to attract a good number of papers from different parts of the world both from industry and academia. The acceptance rate demonstrates that MSR is a moder-ately selective conference. The citation impact of the conference is high indicating that MSR is maintaining its status as a Tier 2 conference. The papers published in MSR demonstrates both university-industry collaboration as well as external collaboration. The program committee of MSR is diverse both from the perspective of representations from industry and academia and from different countries. There is a healthy program committee and author churn which indicates that the conference is broad and open. MSR authorship indicates a gender imbalance and low percentage of women authors.
